In the studies on chemical interaction of thiamine derivatives with proteins (l, 2), it has been reported that a protein-thiamine complex was formed between SH-groups of protein and symmetrical thiamine disulfide, such as thiamine disulfide (TDS) or O-benzoylthiamine disulfide (BIDS), and also between SS groups of iodine-oxidized egg albumin and thiol-type thiamines, such as thiamine or 0 benzoylthiamine (OBT). The complex formation has been shown to be caused by SH-SS interchange reactions as I and II, on the basis of observations by equilibrium dialysis, zone electrophoresis and metaphosphoric acid fractionation. As regards the reaction I, some kinetic examination has been carried out (1) on a system of heat-denatured egg albumin and BTDS, with the result of a reasonable relationship between temperature and rate of complex formation, supporting the occurrence of such chemical reaction.
In the present paper, the reaction II was examined kinetically applying the absolute reaction rate theory, and it was further confirmed that the complex formation of this two types is due to chemical interaction and not due to physical or electrostatic adsorption.
(Reaction x: amount of bound thiamine) was plotted against t (reaction time). The linear relationship was obtained in every case, showing that the reaction was of a first order expressed by equation a. Therefore, under the experimental condition, the formation of bound thiamine seems to proceed according to pseudo-first order kinetics, with proportional increase in the velocity to the rising temperature.
After the reaction proceeded further, the linearity was somewhat decreased and this kinetics seemed to hold in the initial stage where the protein SS groups were in excess to the thiamine-thiol.
(a)
As seen in Fig. 2 2. Rate constant is larger in the O-benzoylthiamine reaction than in that of thiamine at each temperature, but the constants are both smaller than that of the reaction between disulfide-type thiamine and SH groups of heat-denatured albumin (reaction I).
3. Activation energies for the reactions of thiamine and O-benzoylthiamine with oxidized protein are both about 30 kcal per mole. This shows that the reac tion of the type II needs the larger energy than the reaction of type I.
4. Applying the absolute reaction rate theory, thermodynamic quantities of the reactions in their activated state were calculated.
Entrorpy of activation is negative for reaction II, and positive in reaction I. However, heat of activation and free energy of activation are positive and fairly large in the two reactions, showing the endothermic nature of the reactions. It is further confirmed from these kinetic data that the thiamine-protein complex is formed by the covalent bound through chemical interactions.
